Croton tonkinensis GAGNEP. (Euphorbiaceae), commonly known as Kho sam cho la in Vietnamese, is a small plant indigenous to Northern Vietnam. In Vietnamese traditional medicine the species is used as remedies for gastric and duodenal ulcers and many other diseases.
In the continuation of our study, this paper deals with the isolation and structural elucidation of the four new ent-kauranetype diterpenoids 1-4 ( Fig. 1) .
Compound 1 was isolated as an amorphous powder and its elemental composition was determined to be C 24 H 34 O 6 by the [MϩNa] ϩ peak at m/z 441.6 in the positive-ion electrospray ionization mass spectrometry (ESI-MS) and [MϩNa] ϩ peak at m/z 441.2243 in the positive-ion high-resolution (HR)-FAB-MS. The IR spectrum indicated the presence of a hydroxy (3558 cm (Table 1) and 13 C-NMR (Table  2 ) signals of 1 were found to be similar to those of ent-1a-acetoxy-7b,14a-dihydroxykaur-16-en-15-one (5), 2) which was isolated from the same extract, except for the presence , and H-7 and H-5 and H-9 in the nuclear Overhauser enhancement and exchange spectroscopy (NOESY) spectrum of 1 (Fig. 2) the acetoxyl groups at C-1 and C-14 were assigned to occupy an ent-a-orientation, and the hydroxyl group at C-7 an ent-b-orientation. Thus the structure of 1 was determined to be ent-1a,14a-diacetoxy-7b-hydroxykaur-16-en-15-one. 2) while the signals for the 1-oxymethine and the acetyl group at C-1 remained unchanged. In addition, the 14-OH signal appeared as a sharp singlet (d H : 4.00) as would be expected from the intramolecular hydrogen bond from 14-OH to the oxygen atom of the acetoxyl group at C-7.
5) The HMBC correlations ( (d H : 2.0), indicating that the stereochemistry of 2 is the same as that of 1. Thus compound 2 was determined to be ent1a,7b-diacetoxy-14a-hydroxykaur-16-en-15-one.
The ent-a-orientation of the 1-acetoxyl groups in compounds 1 and 2 is unusual among the Rabdosia ent-kauranetype diterpenoids that naturally occur as ent-1b substituted. In various recent publications on Rabdosia species only maoecrystal I and rabdolongin A were isolated as ent-1a-hydroxy kaurane derivatives. 3) Compound 3 was determined to be a 7-dehydroxy derivative of compound 6 previously isolated and structurally characterized by us from the same extract.
2) The 1 H- (Table 1 ) and 13 C-NMR (Table 2 ) data of 3 were in close agreement of those of 6, but the disappearance of the 7-hydroxyl group was seen [d C : 25.0 (C-7) in 3 instead of d C : 74.4 (C-7) in 6]. The 14-methine bearing a hydroxyl group appeared at d H 4.56 (s), d C 73.6 (d); these chemical shifts resulted from the loss of the ent-7b-hydroxyl group and were close to those reported for 7-dehydroxy 14-hydroxy ent-kaurane derivatives. 5, 6) The NOESY correlations between H-14 and H-20 and H-12a (d C : 2.04) confirmed the ent-14a-hydroxy stereochemistry. Thus compound 3 was determined to be ent-18-acetoxy-14a-hydroxykaur-16-en-15-one.
The similarity in the NMR data and the coexistence of compound 4 with the ent-kauranes 1-3, 5, and 6 grouped 4 in the family of ent-kaurane-type ditepenoids. The molecular formula of 4 was analyzed for C 22 H 34 O 4 using negative-ion HR-FAB-MS. The 6,10) Thus the absolute structure of 4 was established to be ent-(16S)-18-acetoxy-7b-hydroxykauran-15-one.
To confirm the absolute configuration of compounds 1-3 the CD spectra were measured. The first negative, second negative, and third negative Cotton effects (see Experimental) observed in 1-3 were the same as those of ent-11a-acetoxy-7b,14a-dihydroxy-16-kauren-15-one. 6) Together with the consideration of the cooccurrence of compound 4, 1-3 were unambiguously assigned to the ent-kaurane diterpenoids.
There was a possibility that compounds 1 and 2 might be artifacts arising from the trans-esterification reactions of compound 5 present in the same extract with ethyl acetate used in the solvent systems during the silica gel column chromatographic processes. To verify the hypothesis, an original MeOH extract sample was tested using analytical HPLC, alone and coinjected with compounds 1 and 2. The increase in peak heights corresponding to the retention times of pure 1 and 2 provided evidence for the natural origins of compounds 1 and 2. Compounds 3 and 4 were also detected in the MeOH extract upon analytical HPLC coinjections and thus were confirmed to be naturally occurring in the plant.
Experimental
General Procedure Melting points were determined on a Yanagimoto micromelting point apparatus without correction. Optical rotations were measured on a Union Giken PM-101 digital polarimeter at 15°C. FT-IR spectra were recorded on a Horiba FT-710 spectrophotometer. H-NMR (500 MHz) spectra were obtained on a JEOL JNM-ECP 500 spectrometer, 13 C-NMR (150, 100 MHz) spectra were obtained on a Bruker DMX 600 and a JEOL JNM a-400 NMR spectrometers in CDCl 3 with tetramethylsilane as an internal standard. ESI-MS was measured for compound 1 on a Finigan Navigator mass spectrometer. Negative-ion and positive-ion HR-FAB-MS were measured on a JEOL SX-102 mass spectrometer with PEG-400 and PEG-600, respectively, as the calibration matrix. CD spectra were obtained on a JASCO J-720 spectropolarimeter. Extraction and Isolation The powdered air-dried leaves of C. tonkinensis were extracted with MeOH and fractionated with solvents of increasing polarity as described in the previous paper.
2) The combined n-hexane-and CH 2 Cl 2 -soluble fractions (59.2 g) were chromatographed on a silica gel column using n-hexane, n-hexane-EtOAc (6 : 1, 3 : 1, 1 : 1), and EtOAc as solvent systems to give five fractions. Fraction 4 (9.5 g) eluted with n-hexaneEtOAc (1 : 1) was subjected to silica gel column chromatography (n-hexaneEtOAc, 2 : 1) to obtain six fractions. Fractionation of half of fraction 4 (1.56 g) by preparative HPLC using MeOH-H 2 O (7 : 3) gave compounds 1 (24.6 mg), 2 (27.9 mg), and 3 (5.0 mg), while separation of fraction 5 (1.93 g) on an ODS column (MeOH-H 2 O, 7 : 3, 9 : 1) followed by purification with preparative HPLC (MeOH-H 2 O, 4 : 1) afforded compound 4 (51.0 mg). 
